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10— ATLAS Online Luminosity

=== 2010 pp Vs = 7 TeV
2011 pp Ns =7 TeV
= 2012 pp \'s = 8 TeV
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¢ end-cap and
orimeters

eters
Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

100 996 100 96.2 991 100 99.6 100 100 99.4 100

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at Vs=8
TeV between April 4t and June 18t (in %) — corresponding to 6.3 fb! of recorded data. The inefficiencies in the LAr calorimeter
will partially be recovered in the future.
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MC12 default ATLAS Preliminary

MC12 Pile-up suppression STVF

Data 2012 default
Data 2012 Pile-up suppression STVF

Before pileup

suppression w@i¢+

tracking _ s==""

— =

o
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+

——

|

me[] O

|III|III|II

I
N
l

=
=

|

—_\Js=8TeV

JLdt=1 7

0 jets pT>20 GeV

After pileup suppression

A= E-—0_0-u
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0
Number of reconstructed Primary Vertices

2 4 6 8 10 12 14 16 18
Npv

Understanding £ (highly sensitive to
pileup) is critical tor many searches.
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ATLAS Preliminary

LHC pp \s =7 TeV
Theory
= Data 2010 (L =35 pb’)
o Data2011 (L=1.0-4.7 fb")

LHC pp \s =8 TeV
mm Theory

e Data2012 (L=5.8fb")

Electro-weak and top cross sections are fundamental on
their own and for new physics searches (and discoveries).
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(b) VBF

\s= 8 TeV

\ls = 8TeV

—
]

LHC HIGGS XS WG 2012

WW — Fvag
WW — ['viv

o x BR [pb]

LHC HIGGS XS WG 2012

ZZ — I'Tqq

—h
Q

o(pp — H+X) [pb]

|

ZZ — I'Tvv
ZZ — I'TI'T

-
<
\V]

ZH — I'Tbb
l=e,u
V =VgVyiVy

— q= udscb

80 100 200 300 400 1000 10*900 150 § 250
M, [GeV]

Signal modeled with Powheg+Pythiab (7 TeV)/Pythia8 (8 TeV)+Photos for gg and VBF, Pythia for
associated production.

NIRRT /1 EEEIEET 11 ..l

—

=

w

T T IIII|

SM Higgs cross sections increase ~1.3% from 7 to 8 TeV at my ~125 GeV

SM Higgs decay precisely predicted (except mass) at NLO and NNLO.
Most sensitive for 120 GeV < my < 130 GeV: Yy, TT, ZZ®— 4], WWOO - IvIv,W/Zbb
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i ATLAS 2011 2011 Data B

—— Obs. p
- Exp f Ldt = 4.6-4.9 fb
+1o

=20 s =

—_
o

T I IIIIIII

Combination of 12 channels:

H — vy,

W/ZH — W/Z bb
H—TT

H— ZZ(*) - 4

H = WW(*) = Iviv
H— ZZ — liqq
H— ZZ - llvv

H = WW — |vqq

95% CL Limit on G/OSM

I IIIIIIIl

CLs L/mlts

=% [ EETE B R AT YA A SRR Loy v b v by v by by by a s
110 115 120 125 130 135 140 145 150
my [GeV]

ElllllllllllllllllllIIIIIIIIIIIIIIIIIIIIIE
= ATLAS 2011 [Ldt~4.6-49f" (s=7TeV 3

Exp. Comb. Exp. H—2ZZ — Il Exp. H—=bb -
— —— Obs. Comb. Obs. H— ZZ — il —— Obs. H—>bb =

2.9 O excess for mpy =
126 GeV

10-3_ ) _30
110 115 120 125 130 135 140 145 150

my [GeV]
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With the 201 | data we improved our detector
understanding, alignment and calibration and pileup
understanding along with improvements in e/y/H |ID
efficiency.

Early 2012: Focus on 2 channels: H— yy and H— ZZ0O).

H— WW?0 is also sensitive, but it is more difficult to
see the expected broad excess in the Mt distribution.

Re-optimize analysis for high pileup and low my using
MC and 201 | data.

Fix selections and techniques before looking at 2012
data.
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"d2  SM H—YY - Analysis

m>ﬁ%>

Relatively simple final state of two photons:

Y1 pt> 40 GeV, y2 ptr > 30 GeV %ATLAS

|dentified using calorimeters clusters and EXPERIMENT

conversions vertices in tracker.

Split into 10 categories based on n and un/
converted, pT(YY), and (new) 2 jet VBF
category to improve sensitivity.

Improved YY mass resolution:
Search for signal over SM YY irreducible
background: better resolution increases
sensitivity.

Photon ID: Reject jet = T1° — fake Y
background (10* -107 times larger cross
section) with improved photon ID.

Expect (with 10 fb"! mp=126 GeV):
~170 signal events

~6340 background events
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Suppress jet background S3 T candidate vy candidate
using shower shape variables

from first (finely segmented)
calorimeter layer. S2

LArg Calorimeter Segmentation

Neural net 201 | data, cut
based 2012

Isolation determined using
clusters with AR=0.5. Pileup
corrected for ambient
energy event-by-event.

T T I T T T T T T T

— T
o 2011 Data (Z — e*e‘),J Ldt=3fb"
4 Simulation (shifted by 100 MeV)

[l 8BCIDgap
ATLAS Preliminary

[ 8BCIDgap
ATLAS Preliminary

Isolation energy [GeV]
lation energy [GeV]

Subtraction improved to j: ; IR
remove dependence on
bunch position.
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Events / GeV
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ATLAS Preliminary —«— yy+DY Data

Data 2012 —s— vj Data
\s=8 TeV,I Ldt= 5.9 fo —— jj Data

—— Stat. uncertainty
Total uncertainty
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YY - Event composition
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—e— Unconverted photons ATLAS Preliminary

1 I | | I I | I I I | 1 I I I | I I I I I | | | I | | 1 |

o~ Converted photons Data 2012, ys = 8 TeV

—— Single track conversions

- -1
—*— Double track conversions J Ldt=33fb

W’%.—o—o—o—h.—m—.—.-.._.—.-_._
--O---o---o---o---o-'-O'--o-~o»~-O-'-0---0~-O'--0~--O---O-~-o~--O---O---O'-O---O---O-"O'

S e i e

= ‘_'_‘_‘_,_‘__‘__‘_—‘-—‘ﬁ‘-—‘u—‘——‘——‘—‘_
":‘:‘~V—H—'~V—H—v—v—m—m—m—v_p_¢+”_,.+
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1 1 | | I | | | | I 1 | 1 | I | | | | I | | | | I | | | |

O'IO

10 15 20 25 30 35
Average interactions per bunch crossing

After selection background contains 75-80% SM yy

20-25% Y-jet, jet-jet.

Converted/Unconverted photons stable vs pileup.
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2 — ° ° 200>_<'1(')3"|"“l""I""l""l""l""l"“l_
M~yy — 2 E|E2 (I'COS O() E 1go-_ ATLAS Preliminary E
= | qaoE Data 2011, \/s=7 TeV,J-Ldt=4.6 o'
: : : SRR - - G,,,=1.76+ 0.01 GeV =
Energy calibration improved with ¢ 1407 e =1.59: 001 Gov Lt | | 2
corrections derived from 100" ~Dea 3
Z—ee,W—ev and /¥ —ee. %0 Simulation without St T
60" constant term =
40 =
Energy scale at mz know to 20E- ) | E
0.5%, linear to better than |%. 00™"*75 80 85 90 95 100 105 110
Mee [GEV]
I _~ © | | T [ [ rerp ettt
Resolution constant term ~1%. == r o PPN
—— =u< 7
. . S [ e 15su< gg—=H—yy ]
Calibration transported from ee |5 o1 = 05n - 125.GeV
- s=8TeV i
to YY using MC. S oosp .
< 0.06 —
Mass resolution for 125 GeV oodl E
signal ~1.6 GeV. ooz :
08116 120 122 124 126 128 130 T35 a4
m,, [GeV]
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m2yy = 2-E|E2- (I-cos )

Photon angle measurement
based on photon pointing.

Photon direction determined
using longitudinal segmentation
of calorimeter.

Photon pointing reduces
vertex uncertainty from 5-6
cm to |.5 cm, sufficient for

Myy.

A likelihood combining tracking
information with calorimeter
pointing is required for jet
selection in VBF category.

Entries / 10 mm (normalized)

Q
—

'
(%))

~\s=7TeV, det=4.9m'1
— MC (yy)

2 unconverted photons
nl<1.37
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- ATLAS Preliminary + ® Data 2011 (B*=1.5m) =
E ’ 0 Data2011 (p*=1.0m)
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Events / GeV
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(YY) Distribution

Selected diphoton sample

ATLAS Preliminary

Data 2011 and 2012

Sig + Bkg inclusive fit (mH = 126.5 GeV)

4th order polynomial

\s=7TeV,

\s=8TeV,

J
J

Ldt=4.81b"

Ldt=591fb"
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150 160
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Combined distribution
with background fit
and signal (126.5 GeV
SM Higgs for
reference)
+background.

Actual background fit
to a polynomial
function is done within
categories of N,
unconverted/

converted and YY pt
to increase sensitivity.
Function chosen to
reduce the bias for my

= |25 GeV (studied in
MC).
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SM H —>W Exclusion

132 - 143 GeV.

Largest deviation from
background only at 126.5
GeV.

COLUMBIA
UNIVERSI]
b% :'""""" """""""""""" '— = L B A I LA BN B |
B N Ebse“t’ejccfslf"“.': Data 2011,\/—_7TeV - \g - Observed CL, limit Data 2012, Vs=8 TeV 1
§ 55— ::;;ece s limi det —481H S 5:_ E):Zeded CL limit det 59" —:
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Observed L, Mt Datg 2011, Vs= 7 TeV, [Ldt = 4.8 " ]

Expected CL; limit _ _ 1
O - 1 Data 2012, Vs= 8 TeV, JLdt=591b

[ J=2

AT R

ATLAS Preliminary

95% CL limit on O/OSM

50
10-7|IIlllIIIIlllIllllllllllllllllllllllIIII _IIIIIIlIIIlIIII|lIIIIIlIIIlIIIIIlIIlIIIII
110 115 120 125 130 135 140 145 150 10 115 120 125 130 135 140 145 150
my, [GeV] m,, [GeV]

Combined local significance with 201 |
and 2012 data of 4.50.

Expected for SM Higgs at mp=126.5 GeV is 2.40)




o 77
SNEHERSELE 4 U event mgy = 125.1 GeV
mi2 = 86.3 GeV, my3 = 31.6 GeV

T —  gAlAS

http://atlas.ch

m>ﬁ%>

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST
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'@ SM H—=ZZ® Analysis

Relatively simple final state: 4 leptons (e/[)

Low rate but the final state is pure (S/B~1)
and can be completely reconstructed.

Select:

Lepton pt!%34 > (20, 15, 10, 7/6 e/p) GeV,
50 < m(ll)i2 <106 GeV,

m(l)23 >17.5 - 50 GeV (vs. mn)

impact parameter cut on 2 soft leptons.

Acceptance and efficiency: Need to
find leptons at low pr.

41 mass resolution: Observe signal over
SM ZZ® irreducible background. Better
resolution increases sensitivity.

Low Mass Backgrounds: Cannot rely
only on MC.
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X2 SM H—ZZ® e/y Reconstructionk

102IIIIIIII|IIII|IIII
100 ATLAS Preliminary
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SRR
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A
% Electrons Electrons

2011 2012
_4 Data j Ldt~4.7fo" _y_ Data I Ldt~770pb’

—=— MC —— MC

2011 2012
. DatafL dt~4.7 fo" v DatafL dt ~ 770 pb™

Electron reconstruction efficiency [%]
Electron reconstruction efficiency [%]
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0

ET,Cluster

Electrons: Improved
reconstruction efficiency at
low pr, ID efficiency flat vs.

pileup.

T T I T T T I T T T I T T T I T T T I T T T I T T T | T T T | T T T
ATLAS Preliminary Data 2012 _[ Ldt =~ 770 pb”’

{i % % 9 0 0 5 5 s 2 9 ¢
S B S S TSI t
Electrons

® Data Loose 4 Data Medium Data Tight

Muons: Reconstructed e veed
down to 6 GeV, efficiency flat B R S M
. . Number of reconstructed primary vertices
in N and vs pileup.

Electron identification efficiency [%]
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0.01-

Simulation

® m,=130GeV
Gaussian fit

- H->ZZ*—>4e (\s=8TeV)

m = (127.86 £ 0.07) GeV
(2.76 £ 0.06) GeV
-~ fraction outside + 26: 17%

without Z mass constraint ?

g:

0 90

II]IIIIII Ill:
100 110 120 130 140 150

my, [GeV]

$0.08
Q)
9]
Cjoo7

©

0.04f
0.03[ °*
0.02}
0.01

50.06]
0.05/

~ Simulation

® m,=130GeV
Gaussian fit

- Ho>ZZ*—4e (\s=8TeV)

m = (128.35+ 0.07) GeV
(2.46 + 0.06) GeV
. fraction outside * 26: 20%

— with Z mass constraint

g:

IIIIIIIIIIIIIIIIIIII |IIIIIIII

ATLAS Prehmmary EI ctro |TS

0 90

700 110 120 130 140 150

m,, [GeV]

a.u./ 0.5 GeV

0

- Simulation

® m,=130GeV
Gaussian fit

"~ HoZZ*—>4pu (1s = 8 TeV)

m = (129.50 + 0.04) GeV
6 = (2.13+0.04) GeV

~ fraction outside + 26: 16%

- without Z mass constraint

90 100 110 120 130 140 150

;

my, [GeV]

©
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a.u./ 0.5 GeV
o

008}
0.06-
0.04

0.02|-
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. ATLAS Preliminary
1l- Simulation

® m,=130GeV
Gaussian fit

- HoZZ*—4u (\s =8TeV)

m = (129.72 £ 0.03) GeV
6 =(1.78 £0.03) GeV
fraction outside + 26: 19%

- with Z mass constraint

90 100 110 120 130 140 150

I

m,, [GeV]

SM H—=ZZ®) Mass Resolution

- ATLAS Prellmmary M uon&

Narrow resolution
critical for finding
peak on smooth
background.

Resolution
improved ~10-15%
by constraining mi2

to mz (and ma4 for
mny>190 GeV).




&2 SM H—ZZ® Backgrounds
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18- ATLAS Preliminary M| Muons:

~ \s=8TeV: [Ldt=58fb" —
: Background dominated by ZZ(*) with Zqq/bb + t t

- Data | important at low mp.
— Z+jets and tt .

Events/4 GeV

Strategy is to relax isolation and impact parameter
requirements and then fit for the yields in this
background enriched region, and finally to
extrapolate to signal region.

Electrons: Background
of light jets faking an
35 S electron (f), photon
: ATLAS Preliminary . Data | conversions (Y) and
30: \s=8TeV: |Ldt=581f0" —Total - heavy quark semi-
25 Electrons | .
: eptonic decays (Q)

ATLAS Prellmlnary

e Data -
- s=8TeV: JLdt=5.81" —Total
Electrons

—

Events/0.02

20H - 1 important low mp.

IIllIllII

15Tk . Again, relax selection

10f . and fit yields using

o i . tracking and calorimeter
o R . variables. Extrapolate to

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 Signal region.
TRT

llIlllI
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"y SM H—ZZ® Final Selection
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Full Range Low Mass
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ATLAS Preliminary

* Data
B Background ZZ

B Background Z+jets, tt

H
o

W
)]

- ¢ Data —
- g Background ZZ ATLAS Preliminary

- [ Background Z+jets, tt (*)
- |:]Sign§ (m =125 GeV) H—>ZZ' =4l

[ Signal (m =125 GeV) - [ Signal (m, =150 GeV)
i Signal (m =190 GeV) — [ Signal (m, =190 GeV)
B Signal (mH=360 GeV) - 77 Syst.Unc.

. Syst.Une. s =7 TeV: [Ldt = 4.8 fb”

(")
H—>zZ"'—al : -
(s =7 TeV: [Ldt = 4.8 fb s =8 TeV: Lt =58 fo

(s=8TeV:[Ldt=5.8 b

W
()]

W
o
Events/5 GeV
()
(]

Events/10 GeV
()
(6]

N
$))

l

40 500 200 250
0 my, [(geV' m,, [GeV]

Events at |25 £ 5 GeV:

Dataset 2011 2012 Combined
Background 2+03 304 5.1 £ 0.8
Signal 2+0.3 3+£0.5 5.3 0.8
Observed 4 9 13
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Full Range Low Mass
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ATLAS Preliminary — Observed CL,
H— 77" a) Expected CL,

ATLAS Preliminary — Observed CL,
H— 77— aj Expected CL,
" \s=7 TeV,|Ldt =4.8 fb" Ezt1o
+2
_ \s=8 TeV,|Ldt =5.8 fb" ©

\s=7 TeV, |Ldt =4.8 fb”
\s=8 TeV, [Ldt =5.8 b

IlIIlIl

997 LLIIMIt ON G6/0g
95% CL limit on cs/csS
o
| | I | II

| lIlllII

L

|
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10-1IIII|IlII|IIIIIIIIIIIIII 10-1IlII|IIII|IIII|IIIIIIIII|IIII|IIII

110 200 300 400 500 600 110 120 130 140 150 160 170 180
my, [GeV] my, [GeV]

Expected exclusion from 124 -164 GeV and 176 - 500 GeV.
Actual exclusion at 95% from 131-162 GeV and 170-460 GeV.

Around |26 GeV there is no exclusion.
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B I L | L | L I L | L | L

= —— Obs. combined ATLAS Preliminary
= Exp. combined

_ A Combined
[ —— Obs. 2011 H- 27— 4l
Exp. 2011 \s=7 TeV:|Ldt =4.8 b

local
- — Obs. 2012 o o go
Exp. 2012 5=8 TeV:|Ldt =5.8 fo ' - significance
~~7 with 201 |
and 2012
data of 3.40
at 125 GeV.
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Expected for
SM Higgs at
4G my=125 GeV
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SNIVERSEEE 4e event m4e = 124.6 GeV
mi2 = 70.6 GeV, my3 = 44.7 GeV

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST
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Combining all channels from 2012 and 201 |
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Expected exclusion from |10 - 575 GeV.
Actual exclusion at 95% from 110.0-122.7 GeV and 129.7-557 GeV.

Actual exclusion at 99% from | 12.6-121.7 GeV and 129.7-556 GeV.

Around 126 GeV there is no exclusion.




"d& Channel Combination
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ATLAS Preliminary 2011 + 2012 Data ATLAS Preliminary 2011 + 2012 Data
—— Obs. s=7TeV: [Ldt = 4.6-4.8 fb" — Obs. Vs=7TeV: [Ldt= 46481
Vs =8TeV: Ldt = 5.85.9 fb" ---- Exp. /s =8TeV: ILdt 5.8-5.9 fb"

300 400 500 600 170 115 120 125 130 135 140 145 150
m, [GeV] m, [GeV]

Excellent agreement across entire mass range (+20) with background only
hypothesis, except close to 126 GeV.

Local excess of 5.00 at 126.5 GeV
Expected from SM Higgs my = 126.5 GeV = 4.60
Global significance: 4.1 to 4.30 for LEE over |10-600 GeV or | 10-150 GeV
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"dw  SUSY
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Standard particles

Provides:

Solution to gauge hierarchy

Gauge coupling unification

Cold dark matter candidate

Sl f
o eptons o %lSY orce

HE8 e M0 M2t 14T M6 18

Iog1°(Q) [GeV]



“dz Hunting the Top Squark
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Prospino?2.
Where nextz El BB B LR l T 1 |||| ™~ 1 T 1 I LI L I—
[ 0,,[Pb]: pp = SUSY X VS=7TeV

1
—
=

tot

1

a priori squarks could have
different masses.
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® A light 3rd generation is well
motivated in SUSY.

1 | lllllll

Focus on dedicated stop
searches at 7 TeV with ~5fb-! .
In order of increasing masses.
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"dw Direct light stop search - 2 lepton
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Optimized for m(t) << m(t)

Y ~
Signatures: 2 low pr leptons, low pt b jet (untagged) t1 — bxi BR
and EP™ > 20 GeV %

Data consistent with SM backgrounds, set limits.

LI I B I I B I B B L B B I B B B B B
TLASPreliminary =~ ~* Pata 2011 (is =7TeV)
Ldt=4.71b" % Standard Model

e channel tt
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J Ldted7 i {527 TeV Expected limit (+ 1o,,)
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Al limits at 95% CL,
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*W@2 Direct light stop search - kinematic search
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Same scenario with stop to b chargino, but optimized for m(t) ~ m(t).
| or 2 leptons, jets are b-tagged to reduce non-top backgrounds.
Non-trivial signal selection on kinematic variables:
Invariant mass of top decay products (smaller for stop events)
Mass scale of subsystem of visible and invisible particles from top/stop decay

All channels are consistent with SM backgrounds. - i
t-t, production, t,— b+if, m =106 GeV
s |

1
L SUSY

I LI I L I
®  Data 2011
theory)

" ATLAS Preliminary I
_[Ldt:4.7 ', s=7TeV :::,TM ATLAS Preliminary - -- Expected limit (+1c

1-Jepton, SR, no 15 cut . v ‘I Ldt=4.7fb", \s=7 TeV [ JCDFRunli

B Orters — ATLAS Light Stop dilepton
1 Mutijet -
All limits at 95% CL ¢
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"d2  Direct stop search - 0 lepton
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m(t) > m(t) il
Select 6 jets + ET™
Background t t = bjj + bTV

Good agreement with SM background

tt, production, t.— t+§?
I | I I | I | | I I | | I | I I I I | | I

ATLAS Preliminary -

All Hadronic Expected limit (£10gy,) A

IlIIIIIIIIIIIIIIIII'IIII
i

I Single Top
BV (V) +jets

B iy

[ ] Bkg Syst Error
e (ml‘mz") = (400,1) GeV
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Direct stop search - | lepton

m(®) > m(o) t—t+%°
Select: exactly | lepton

>4 jets (pt > 80, 60, 40,25 GeV) at least | b jet

130 GeV < mj; < 205 GeV
5 signal regions with varying cuts on Ef™ and mt to improve sensitivity.

Good agreement with SM background

~

~productlon t—>x
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ |||III ||||

i e Data 2011 (\s=7 TeV) i imit (165951 |
- ATLAS Preliminary > @ dard Model (sM) ATLAS Preliminary ocry
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JL dt ~ 4.7 fb-1 D ﬁ -Iepton +]et$ + E”"SS
[ V+jets, VV

3 tt+V, single top
e m 500 Gev n'[zo—1 Gev

—400 GeV, mio_1 GeV
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|
|

exp)

- Al limits at 95% CL,
J. Ldt=4.7 fb'1, \s=7 TeV 0.72 0.16 0.12

| IIIIIII

>
Q
O
Xe) =
AN —
~ =
0 B
9
-
C
LL

1 | IIIIIII

I« TTITT
| IIIIIII|

| 1 lIIIIII

.-...i
I BT e b

150 200 250 300 350 400 450 500 550 S A S TG SR S T
300 350 400 450 500
mISS [GeV]

Numbers give 95% CL _ excluded model cross sections [pb]




Events / 5 GeV
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m(®) > m(1) t+t+x 1

Select: exactly 2 leptons

> | jet with pt > 50 GeV, =2 jets with pt > 25 GeV, =1 b jet

miss
)=

mT2 > 120 GeV ’"T2(p"[f ,pT s P
if same flavor: 20 GeV <m; <71 GeV,or m; > ||| GeV

{max[ mT(pT ,qT), mT(pT ,IT) ]}

stop

Good agreement with SM background

o . ™ B
® Data 2011 t,t, production, t, — 7 t

Direct stop search - 2 lepton

b-jet

JL dt~ 471" \s=7TeV s5454¢ SM Background ]
P Z+jets
fl C ¢t
same flaver 0 WW+ZZ+WZ
[ Fake leptons

== ttW+th+Wt
= (300,50) GeV

. mgf A) = (450,100) GeV
ATLAS  Preliminary
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&2 Top squark mass limits
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tt, production: T1—>b+x 8 wt ’+x (BR=1, m. <200 GeV); t, —>t+x (BR=1, m_ > 200 GeV)

III1III|IIII|IIIIIIIIIIIIIlIIIIIllIIIlIlI

. . SUSY
200 ATLAS Prellmlnary .. Observed limits (-1c b - b+, % — w' +X (m. <200 GeV)

theory
—— Observed limits (nominal) _— 2-lepton (m, = 106 GeV)

-1 "
J. Ldt=4.7fb {s=7 TeV ---- Expected limits (nominal) —— t24eptons + biets (100 156N)
L 1/2-leptons + b-jets (m =2x m.. )

|||_

L1 ]

Status: ICHEP 2012 All limits at 95% CL,
t,—> t+7 (m. > 200 GeV)

1 60 i 39 — 0 -lepton
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"2  SUSY Limits

UNIVERSITY

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: ICHEP 2012)

X I | I I | II 1 1
MSUGRA/CMSSM : O-lep +j's + E; ... q gmass

MSUGRA/CMSSM : 1-lep +j's + E; .. ' q =g mass . 8 -1
MSUGRA/CMSSM : 0-lep + multijet's + £ s g mass _llarge m) Lai=(00a= 410
:::eno moz: ; g-:ep + } s + E’-m : g ma(s.s (mf@) <2 TeV. bgnt.) (s=7TeV
eno mo ep +j's + E; e gmass (m(@ <2 TV, light )
Gluino med. %" (G—=qGx ) : 1-lep +j's + E; rias : gmass (m(y ) < 200 GeV, mq;’) l(mG J+m(@)) ATLAS
GMSB : 2-lep OS.$F + Ex riss gmass (tang < 35) Preliminary
GMSB : 1-T+]S+Erm gmass (tang = 20)

GMSB : 2-t+|s -I-E '§mass ttan;l>20)
) g mass (m{y ) > 50 GeV)
'g—»bb (vnrtual b) : 0-lep + b-| S+ ET e gmass (mi, )<3wGeV)
g—»b (virtual b) : 0-lep + 3-b-'s + Ev miss g mass (m(,( ) < 400 GeV)
g—-l% (realb) : O-lep + 3-b-j's + E, ... g mass (mi,) = 60 GeV)
%_ ,( (virtual t) 1-lep+b-j's+E, .. g mass (m(g ) < 150 GeV)
g—» (vmual_) 2-lep (SS) +j's + E, o gmass (m, ;<z1o GeV)
g—»tt vinualt) O-lep + multi-j's + E ... g mass (ma ) < 200 GeV)

Inclusive searches

gluino mediated

g—»ttx (virtual ) :0- Iep +3-b's + Ey s, g mass {m(Z°]<50 GeV)
(real SIS g mass (m{y ) = 60 GeV)

bx 0Iep+2bjets+E -
tt (very Ilght) T—=b%* :2-lep + E t mass [m(g ) = 45 GeV)
(] it (light), t—bbx 1/2- Iep +bjet + £, |Let7".7TeV [CONF-2012-TBC] 120-173/GeV. Tmass (mG") = - 45 GeV)
T 1t (heavy), t T—t A :0-lep + b-jet + E; .. |L=4.7 6" 7 TeV [ATLAS-CONF-2012-TBC] 380-465 t mass (m(‘ )=0)
1t (heavy), t—»t,c. 1-lep + b-jet + E; .. [t=47m" 7Tev (ATLAS-CONF-2012-7BC] 230-440 GeV tmass (mG) 0)
it (heavy), t—»t,( :2-lep + b-jet +E; .. |£=87 7,7 Tev [ATLAS-CONF-2012-TBC) 298-305 GeV | t mass (m(; )=0
it (GMSB) Z(—=l) it — t mass (115 <mix,) <230 GeV)
ILIL,I FZ : 2 Iep+E,ms Led.7 fb", 7 TeV [CONF-2012-TBC]  DadsoGew | mass 47 =0)
2 -lep + E,-mlss Led.7 b, 7 TeV [CONF-2012-TBC] 120330 GeV x mass (m(x) 0. miix) = é(m@)omﬁ m
) Lot 716", 7 TeV [ATLAS-CoNEEOTERBETIII Easc0 el 7 %, Mass  (mf;) =mGc). mf,) = 0. milv) as above)
B long-lived %, %' mass (1 <t(’)<2ns, b0 Gev st n 0. 2.90] ns)

Stable g g R- hadrons Full detector gmass

Stable b R-hadrons : Full detector b mass
Stable T R-hadrons : Full detector Tmass
Metastable g R-hadrons : Pixel det only - gmass (x(g)=>10ns)
TMass (5<tanfi <20)
RPV : high-mass eu V. Mass (4,700, 4,,,=0.05)
Bilinear RPV : 1 lep +j's+ ET miss Q=0 mass (cr,,<15mm)
gmass
sgluon mass (excl: m,, < 100 GeV, m,,= 140+ 3 GeV)
M* scale (m, < 100 GeV, vector D5, Diracy)

M* scalg (m, < 100 GeV. tensor D9, Diracy)
L L1 1111 1 L1 1111

10
Mass scale [TeV]

T mise b mass (mix. ) <60 GeV)

T miss
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Run Number: 205113, Event Number: 34879440
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“d® Dijet Search at 8 TeV
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Significance

Increased beam energy and parton luminosities —
larger sensitivity to excited quarks and other NP.

Select 2 jets (jet radius=0.6), |y|<2.8

Fit distribution to f(x) = pi(l-x)P? x(P3*P4Inx) 3nd
search for local deviations.

No evidence of resonances: Limit m(q*)>3.66TeV,

expected 3.53 TeV (@7 TeV m(gq*)>3.35(3.09) TeV)

L B A B N I LML I I
" 1s=8TeV,[ Ldr=581b"

~ o [ data - fit ] / fit

I g* PYTHIA 8 (1500)

---------- A * PYTHIA 8 (2500)

q* PYTHIA 8 (3000)

— Fit
\s =8 TeV ]
[Lar=58f0" =

[ data - fit ] / fit
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— cedeseessgies +&J&+++ |

- ATLAS Preliminary
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& Dilepton and Z’ Search
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Search for heavy gauge boson Z’ in 2 electron and 2 muon
channels.

Backgrounds - Irreducible Z/y* tail (from MC) data-driven
background estimates for QCD multijet (fakes).

Limit set on SSM Z': m(Z’) > 2.21 TeV (exp. 2.26 TeV)

| L L B B B B B

ATLAS Preliminary .- Expected limit
\s=7TeV B Expected+ 16 =
Z - Expected + 2¢

v LA L B B B B IR B B B
e Data 2011

B4y
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"2 Dileptons + Photon
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Search for excited leptons.

Extend dilepton search by selecting a photon
pt>40 GeV and test for resonance in m(ly).

No excess in m(ly) distribution.

Limit at A = m(I"): m(y") > 1.9TeV m(e) >2.0 TeV

_IIIIlIIIIlllllllIllllIIIIIIIIIIIIIIIIIIIIII

ATLAS Preliminary * Data 2011
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"8 High Mass Diphotons
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2 photons provide a clean signal for extra spatial dimensions:
RS gravitons (resonances)
ADD virtual graviton exchange (non-resonant)
Select Y pt > 25 GeV, m(YYy) > 140 GeV
Background largely irreducible, smoothly falling, SM YY. Fit to f(myy) = pi1X (myy )P% *P3legamyy

Limits set for RS

< 0.1
|§ 0.09
0.08
0.07

0.06

] 1 I

ATLAS Preliminary I Ldt=4.91b"
\s=7TeV

ATLAS Preliminary
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Events/bin

Expected
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[ ] Total Background
t ‘Reducible Background 0.05
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syst @ stat (reducible) " 0.04
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[JADD, GRW, =25 TeV 0.02
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-2 High Mass Diphotons

UNIVERSITY

2 photons provide a clean signal for extra spatial dimensions:
RS gravitons (resonances)

ADD virtual graviton exchange (non-resonant)
Select Y pt > 25 GeV, m(Yy) > 140 GeV
Background largely irreducible, smoothly falling, SM YY. Fit to f(myy) = pi1X (myy )P% *P3legamyy
Limits set for RS and ADD 76 = F/M5 F* related to the number of ED
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Expected + 1o
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"# Lepton+MET - W’ Search
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Search for heavy gauge boson W’ in eV and UV channels.

Select EaniSS > 25 GeV (M), > 85 GeV (e)

Backgrounds - Primarily irreducible SM WV tail. Determined with MC (Pythia
6.421 and reweighted to NNLO with ZWPROD and MSTW2008 PDF).

No excess in seen in data. Limit set on SSM W'.
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"® ¢t Resonances
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Events / GeV

LHC is a top factory (~10° and counting). New reach in searches for resonances
(benchmark top condensate Z’) and excesses (RS KK gluon) in t t system.

SM t t background dominates: MC@NLO 3.41 + CTEQ6.6 + Photos.
Select: Dilepton (Ht+ E,‘Fiss distribution) - opp. charge, =2 jets, MET > 40 GeV

Semileptonic (m(t t) distribution) - isolated e/[, and | b-tagged jet in either 4 jets
or 3 jets if | has m;>60 GeV

No excess found. Limits: 500 GeV < m(Z’)< 880 GeV and 500 GeV < m(gkk) < 1360 GeV
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X, Top + Jet Resonances

UNIVERSITY

Top flavor violating processes motivated by A, measurements.
Produce new heavy particle with top, observed as resonant top

+ jet production in t t system.

Select semileptonic top decay (e/p + EM*) with b-tagged jet,
>5 jets (pT >35 GeV).

No excess. For gR=I lower I|m|t W’ < 350 GeV
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X, Top + Jet Resonances

UNIVERSITY

Top flavor violating processes motivated by As measurements.
Produce new heavy particle with top, observed as resonant top

+ jet production in t t system.

Select semileptonic top decay (e/p + EMss) with b-tagged jet,
>5 jets (pt >35 GeV).

No excess. For gR—I lower I|m|t ® <430 GeV

T PR JI |

ATLAS

Preliminary
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. . Low top p
Boosted jets provide

a new tool for heavy

particle searches.

Jet size R ~ 2my/pT

hadronic top

candidate
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Boosted jets provide
a new tool for heavy
particle searches.

Jet size R ~ 2my/pT

hadronic top
candidate

feptonic top
candidate

Low top p
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Same leptonic selection as non-
boosted search.

efﬁciency [%]

Large-R jet (anti-Kt with R=1.0

with:
pT > 250 GeV
m; > 100 GeV
Vdi2> 40 GeV

Improved signal efficiency at
high masses

No excess found. Limits:

600 GeV <m(Z)< | 150 GeV
m(gkk) < 1540 GeV

events / GeV
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Large ED (ADD) : monojet

Large ED (ADD) : monophoton

Large ED (ADD) : diphoton

UED :yy + Er e

RS1 with k/M,, = 0.1 : diphoton, m,,

RS1 with k/M_, = 0.1 : dilepton, m,

RS1 with k/M;, = 0.1 : ZZ resonance, my,

RS1 with k/Mp, = 0.1 : WW resonance, my ;.
RS with g K/gs=-0.20 (it — l+jets, m

RS with BR(g,_—1)=0.925 : tt — l+jets, m"*"*

ADD BH (¥, /M,=3) : SS dimuon, N, ..
ADD BH (M,,, /M,=3) : leptons + jets,Zp

Extra dimensions

Z'(SSM) :m,,,

Z'(SSM) :m,,..
Z' (SSM) :m,,

W' (SSM) 1,

W' (—=1tq, g =1) -m,

b .

Scalar LQ pairs (#=1) : kin. vars. in egjj, evjj
Scalar LQ pairs (#=1) : kin. vars. in uujj, uvjj
4mvgeneration :Q,Q,—~ WaqWg
4" generation : u 0~ WbWb
4" generation :dﬁ;» Wiwt

New quark b' : bB'— Zb+X, m,

—t+A A 2-lep+jets +E, . (M
Vector-like quark : CC,m,
Vector-like quark : NC, m,,

Excitéed quarks :y-jét resonance, m = 3

Excited quarks : dijet resonance, r’hli
Excited electron : e-y resonance, m_
Excited muon : u-y resonance, m

Techni-hadrons : dilepton, m,..

Techni-hadrons : WZ resonance (vlll), 3
Major. neutr. (LRSM, no mixing) : 2-lep + jets
W, (LRSM, no mixing) : 2-lep + jets

H™ (DY prod., BR(H"—pu)=1) : §S dimuon, m

Color octel scalar : dijet resonance, rﬁﬁ .

Exotic Limits

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: ICHEP 2012)

Mo (5=2)
ATLAS

Preliminary

Mp (5=2)
M. (GRW cut-off)
Compact. scale 1/R
Graviton mass
Graviton mass
Graviton mass
Graviton mass
KK gluon mass
KK gluon mass
M (6=6)
M, (5=6)

f Ldt=(1.0-5.8) fb™
s=7,8TeV

M, (5=6)
A
A (constructive int.)
A
221 Tev Z' mass
24TeV_ Z'mass
1.3TeV Z' mass
255Tev. W' mass

L=4,9-5.0 1b", 7 TeV [ATLAS-CONF-2012-007]
L=4.1 ™", 8 TeV [CONF-2012-TBC]
L=4.7 ", 7 TeV [CONF-2012-TBC]
Led.7 fo”, 7 TeV [CONF-2012-TBC)
Led.7fo", 7 TeV [CONF-2012-TBC] 350 Gev W' mass

Lel.0fb”, 7 TeV [1205.1016] 143Tev W'mass
Let.0fb”, 7 TeV [1112.4828) 660Gev T gen. LQ mass
L=1.0™", 7 TeV [1203.3172] 685Gev 2 gen. LQ mass

L=10m", 7TeV([12023389] 350Gev Q, mass

L=1.0 ", 7 TeV [1202.3076) 404 GeV U, mass

L=1.01", 7 TeV [1202.6540] 480GeV d, mass

Lw2.0 b”, 7 TeV [1204.1265) 400GeV D' mass

Le1.0fb™, 7 TeV [ATLAS-CONF:-2012-TBC] | 483 GeV. T mass (m(A ) < 100 GeV)

Let.0fb”, 7 TeV [1112.5755] 900GeV' Q mass (coupling x .o = v/m,)
Le1.00", 7 TeV [1112.5755)

Q" mass
Q" mass
e* mass (A = m(e*))
u* mass (A =m(u*))
p‘jmT mass (m(p‘jwr) - m(x,) = 100 GeV)
p, mass (m(p ) = mix,) + m,, m(a ) = 1.1m(p.))
N mass (m(WﬁJ =2 TeV)
W, mass (m(N) < 1.4 GeV)
H* mass

Scalar resonance mas
1

L1 L 11l 1 L 1L 111 | ) Rty 1 BN B B |

1 10
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown

10°



¥  Conclusions

UNIVERSITY

WWe have evidence for a new, narrow resonance at ~|26.
GeV which decays to YY and ZZ() with 50 certainty.

Results are still preliminary. Measurements of the
properties of this resonance are underway.

Proton run extended through December 2012. We will
triple (quadruple?) the dataset!

W RS

b




"X  Conclusions

UNIVERSITY

SUSY searches probing the 3rd generation(stop) along with many
other channels.

Searches for exotic NP with jets, leptons, photons, MET are extending
their sensitivity well into the TeV range.

New boosted object signatures are now used in searches for t t
resonances. Improvements and additional signatures coming.




